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ROTARY ELECTROSURGICAL APPARATUS & METHODS 

THEREOF 

BACKGROUND OF THE INVENTION 
The present invention relates generally to the field of electrosurgery, and 
more particularly to methods and apparatus for the controlled removal of a target tissue 
during an electrosurgical procedure. The present invention further relates to an apparatus 
including a rotating member housed within a shaft, and an active electrode adapted to 
electrosurgically remove tissue, via molecular dissociation of tissue components, during 
rotation of the rotating member. 

Surgical instruments that mechanically remove tissue by contact with a 
rotating burr, blade, etc., are well known in the art, and have been used for both open and 
closed surgical procedures. Such instruments, however, suffer from a number of 
disadvantages. Firstly, the cutting edge (e.g., blade) tends to dull fairly rapidly during use, 
such that it may be necessary to change the cutting component of the instrument during 
the course of a single procedure. As a result, the time and cost of performing the 
procedure is increased. A further disadvantage associated with rotary cutting, drilling, 
and shaving devices is that they typically result in substantial bleeding as the tissue is 
removed. Such bleeding must be controlled in order to prevent obstruction of the 
surgeon's view of the surgical site. Attempts have been made to control bleeding by the 
application of a tourniquet, by administering the vasoconstrictor epinephrine, and, in the 
case of certain arthroscopic procedures, by pressurizing the joint cavity. Each of these 
approaches to control bleeding is associated with one or more disadvantages. 
Establishment of hemostasis following mechanical removal of tissue has also been 
achieved by the application of a separate electrocautery device to bleeding blood vessels. 
However, the use of an ancillary electrocautery device typically involves removal of the 
mechanical cutting device, thereby necessitating a delay in coagulating the bleeding 
vessels, and consequently requires additional time, and associated costs, for completing 
the procedure as a whole. 

A number of surgical devices are known that include a movable shaving or 
cutting mechanism and which also incorporate an electrode for cauterizing or cutting 
tissue. For example, US Patent No. 5,941,876, to Nardella et aL, discloses an inner, 
rotating tissue-affecting element comprising an electrically conductive shaft, and a non- 
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conductive material disposed over predetermined regions of an outer surface of the shaft, 
wherein a distal portion of the outer surface of the shaft is exposed to define an active 
electrode surface. Removal of tissue is by the mechanical action of the rotating shaft and 
by electrosurgical energy delivered to the tissue by an energized cutting edge. US Patent 
No. 6,036,681 (to Hooven) discloses a method and apparatus for morcelating tissue. The 
apparatus includes an outer tube and an inner tube that may be caused to rotate by a 
motor. Various electrode configurations are disclosed for cutting, slicing, or otherwise 
sub-dividing excised tissue via RF electrical energy. 

Other devices having both a movable cutting device and an electrode are 
disclosed, e.g., in US Patent No. 5,810,809 to Rydell; US Patent No. 6,193,715 to 
Wrublewski et al ; and US Patent No. 6,032,673 to Savage et al See also, US Patent No. 
4,815,462 to Clark. All patents, patent applications, and publications mentioned in this 
application are incorporated by reference in their entirety. 

There is a need for an instrument that removes target tissue 
electrosurgically in a highly controlled manner, and which can also provide hemostasis at 
the surgical site. There is a further need for an inexpensive, yet reliable and effective 
rotary tissue removal device that removes tissue by the molecular dissociation of tissue 
components during the application of electrical energy to an electrode of the' instrument. 
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SUMMARY OF THE INVENTION 



The present invention provides systems, apparatus, and methods for the 
controlled removal of a patient's tissue during an electrosurgical procedure. According to 

5 one aspect of the invention, there is provided an instrument having a rotating member and 
an active electrode. The instrument removes tissue by the application of electrical energy 
to the target tissue via the active electrode as the rotating member rotates within an outer 
shaft. The systems and methods of the present invention are applicable to a broad range 
of procedures, including procedures which involve the removal or shaping of relatively 

1 0 hard connective tissue. 

In one aspect, the present invention provides an electrosurgical instrument 
for treating a target tissue, the instrument including a fixed shaft having a longitudinal 
void therein, a tissue removal port disposed at the shaft distal end portion, an elongate 
rotating member housed longitudinally within the longitudinal void of the shaft, and an 

15 active electrode disposed at the instrument distal end. The active electrode is adapted to 
electrosurgically remove at least a portion of the target tissue via molecular dissociation 
of target tissue components as the rotating member rotates within the shaft. 

The rotating member is coupled to a drive motor for driving rotation of the 
rotating member within the shaft. A proximal end of the rotating member may be coupled 

20 to a hub, and the hub may be housed within a handle affixed to the proximal end of the 
shaft. The drive motor may be integral with the instrument. Alternatively, the drive 
motor may be remote from the instrument and coupled to the rotating member via a 
flexible transmission line. The drive motor is adapted to drive the rotating member, 
during removal of tissue, at speeds in the range of from about 5 to 750 rpm, and often at 

25 speeds as low as about 20 to 90 rpm. 

According to alternative embodiments of the invention, the active 
electrode may be affixed to the outer shaft, pr may be mounted on the rotating member. 
The active electrode may be a discrete electrode having an electrode lead attached directly 
thereto for coupling the active electrode to an electrosurgical generator. Alternatively, the 

30 active electrode may be an exposed, non-insulated portion of a larger, electrically 
conductive component. Typically, the instrument is a bipolar device having a return 
electrode disposed at the working or distal end of the instrument The instrument may 
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further include a dedicated cpagulation electrode adapted for coagulating severed blood 
vessels and for inducing hemostasis at the surgical site. Alternatively, the active electrode 
or the return electrode may be adapted for inducing hemostasis. 

The instrument typically further includes an aspiration element or unit for 

5 aspirating excess or unwanted materials from the surgical site during a procedure. The 
aspiration element is in fluid communication at its distal end with the tissue removal port. 
The aspiration element typically includes an aspiration lumen terminating distally in one 
or more aspiration ports. The aspiration element may be coupled at its proximal end to a 
suitable vacuum source. In one embodiment, the aspiration lumen may comprise a 

10 discrete tube disposed within a longitudinal channel of the rotating member. 

The tissue removal port is typically arranged laterally at the distal end 
portion of the shaft. The instrument is configured such that a portion of the rotating 
member traverses the tissue removal port as the rotating member rotates within the shaft. 
The tissue removal port is typically rounded, substantially circular, or oval, and has a 

15 width equal to or less than the internal diameter of the shaft. According to one aspect of 
the invention, one or both of the active electrode and the return electrode are disposed 
adjacent to, or contiguous with, the tissue removal port. 

According to one embodiment of the invention, there is provided an 
instrument including a shaft having a shaft distal end portion, an active electrode disposed 

20 on the shaft distal end portion, and a return electrode disposed on the shaft distal end 
portion and spaced from the active electrode. The instrument further includes a tissue 
removal port at the shaft distal end portion, and a rotating member housed longitudinally 
within a longitudinal void of the shaft. The rotating member is adapted to rotate axially 
within the shaft, such that the rotating member distal end traverses the tissue removal port 

25 during each revolution of the rotating member within the shaft. 

In one embodiment, the active electrode is affixed to an external surface of 
the shaft distal end portion at a location adjacent to, or contiguous with, the tissue 
removal port. In one embodiment, at least a distal portion ,of the rotating member has an 
arcuate cross-sectional shape. According to one aspect of the invention, the rotating 

30 member distal end includes a leading edge adapted to guide a portion of a target tissue 
towards the active electrode as the rotating member rotates within the shaft. The active 
electrode is adapted to remove a portion of the target tissue as the target tissue is guided 
towards the active electrode by the leading edge of the rotating member. Typically, 
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removal of the target tissue is effected via molecular dissociation of target tissue 
components upon application of a suitable high frequency voltage to the active electrode. 

According to one embodiment of the invention, there is provided a system 
including an electrosurgical instrument coupled to an electrosurgical generator or power 
5 supply. The system is adapted for treating a target tissue during an electrosurgical 

procedure. In one embodiment, the instrument is adapted for both removal of tissue and 
for maintaining hemostasis at the surgical site during tissue removal. Typically, the 
instrument includes an outer shaft having a shaft distal end portion, a tissue removal port 
at the shaft distal end portion, and an elongate rotating member housed within the shaft, 

1 0 wherein the rotating member has a distal end configured to traverse the tissue removal 
port as the rotating member rotates within the shaft. 

The instrument further includes an active electrode adapted to 
electrosurgically remove a portion of the target tissue during each revolution of the 
rotating member, and a return electrode disposed at the instrument distal end. The 

15 electrosurgical generator is coupled to the instrument, e.g., via a connector cable coupled 
to a connection block, the latter housed within a proximal handle of the instrument. The 
electrosurgical generator is adapted for applying a high frequency voltage between the 
active and return electrodes. The electrosurgical generator may be switchable (e.g., via a 
foot pedal) between an ablation mode and a sub-ablation mode. The active electrode is 

20 adapted to electrosurgically remove at least a portion of the target tissue, via the 
molecular dissociation of target tissue components, upon application of the high 
frequency voltage. 

According to another embodiment of the invention, there is provided an 
electrosurgical instrument for ablating a target tissue and for inducing hemostasis adjacent 

25 to the target tissue. The instrument includes a shaft having a shaft distal end portion, a 
tissue removal port at the shaft distal end portion, a rotating member housed within the 
shaft, wherein the rotating member is adapted to rotate within the shaft. The instrument 
further includes an electrode support disposed on the rotating member distal end, and a 
discrete active electrode disposed on the electrode support. In one embodiment, the 

30 electrode support extends distally from the rotating member distal end, and the active 

electrode is affixed to a distal end of the electrode support, wherein the active electrode is 
configured to traverse the tissue removal port as the rotating member rotates within the 
shaft In one embodiment of the invention, the active electrode comprises an arcuate 
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conductive element, e.g., comprising a curved metal wire. The arcuate conductive 
element may be suspended across a gap between a distal end of the electrode support and 
the rotating member. The active electrode is adapted to eiectrosurgically remove at least a 
portion of the target tissue, via the molecular dissociation of target tissue components, as 
5 the active electrode traverses the tissue removal port. 

In one aspect, the present invention provides a method for the controlled 
removal of a target tissue at a surgical site during an electrosurgical procedure, wherein 
the method comprises providing an electrosurgical instrument having a shaft and a tissue 
removal port at a distal end portion of the shaft. The instrument further includes a 

10 rotating member adapted to rotate within the shaft, and an active electrode disposed on an 
external surface of the shaft distal end portion. The shaft distal end portion is positioned 
in at least close proximity to the target tissue. While the instrument is so positioned, the 
rotating member is driven such that the rotating member rotates within the shaft distal 
end, and the rotating member repeatedly traverses the tissue removal port. 

1 5 While the rotating member is being driven within the shaft, a high 

frequency voltage is applied between the active electrode and a return electrode. The 
active electrode is adapted for removing tissue upon application of the high frequency 
' voltage between the active and return electrodes, whereby the target tissue is sequentially 
removed as the rotating member rotates within the shaft. In one embodiment, the rotating 

20 member distal end is adapted to guide a portion of the target tissue towards the active 
electrode as the rotating member rotates within the shaft. The rotating member may be 
driven at a speed in the range of from about 5 to 750 rpm, perhaps in the range of from 
about 6 to 600 rpm, and in some embodiments from about 20 to 90 rpm, and often about 
60 rpm. 

25 According to one aspect of the invention, a fluid, such as isotonic saline, 

may be delivered to the target tissue or to the working end of the electrosurgical 
instrument during a procedure. Such a fluid may be delivered via an ancillary device, or 
via a fluid delivery element integral with the instrument. In some embodiments, the fluid 
serves to flush the target site and to improve the surgeon's visibility of the surgical field. 

30 An electrically conductive fluid (e.g., saline) may also promote initiation and maintenance 
of a plasma in the vicinity of the active electrode, and thereby enable tissue ablation via 
the Coblation® phenomenon or process. The Coblation® process is described 
hereinbelow. 
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In another aspect, the present invention is concerned with treating (e.g., 
ablating) a target tissue on or within a patient's body using an instrument including one or 
more active electrodes coupled to a power supply. In the case of tissue ablation, a portion 
of the instrument working end (e.g., the shaft distal end adjacent the tissue removal port) 
5 is positioned in at least close proximity to the target tissue, and the rotating member is 
rotatively driven within the shaft while the power supply is operating in an ablation mode. 
In the ablation mode, a high frequency voltage applied to the active electrode(s) is 
sufficient to vaporize an electrically conductive fluid (e.g., a gel, saline, synovial fluid) 
between the active electrode(s) and the tissue. Within the vaporized fluid a plasma is 

10 formed, and charged particles (e.g., electrons) of the plasma cause the molecular 

dissociation of target tissue components. This molecular dissociation is accompanied by 
the volumetric removal of at least a portion of the tissue, and can be used to resect 
fragments of target tissue without the application of a substantial mechanical force to the 
tissue from a moving component of the instrument. This ablation process (known as 

15 Coblation®) can be precisely controlled to effect the volumetric removal of tissue as thin 
as 10 microns to 150 microns. A more complete description of the Coblation® 
phenomenon can be found in commonly assigned US Patent No. 5,697,882, the disclosure 
of which is incorporated by reference herein in its entirety. 

An electrosurgical instrument (e.g., a probe or catheter) according to the 

20 present invention generally includes a shaft having proximal and distal end portions, an 
active electrode and a return electrode at the working end of the instrument, and a 
connection block for coupling the active and return electrodes to a source of high 
frequency electrical energy (e.g., an electrosurgical generator or power supply). The 
return electrode is typically spaced from the active electrode(s) by an electrically 

25 insulating material. In some embodiments, the active electrode is disposed on a discrete 
electrode support, e.g., comprising a ceramic, a glass, or a silicone rubber. In other 
embodiments, the active and return electrodes are spaced apart by a portion of the tissue 
removal port. 

In one aspect of the present invention, the active and return electrodes may 
30 be spaced apart such that the distance between the active and return electrodes does not 
vary. The electrodes may be parallel to one another. Also, the electrodes may be curved 
wherein each electrode has the same curvature or serpentine path such that the distance 
between them remains constant 
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The active electrode will usually have a smaller exposed surface area than 
the return electrode such that, during application of a voltage to the active electrode, the 
current density is much higher at the active electrode than at the return electrode. The 
active electrode(s) may comprise a single active electrode, a plurality of active electrodes, 

5 or an electrode array. 

The instrument may further include an aspiration element adapted to 
remove excess or unwanted materials (e.g., saline, resected tissue fragments, and ablation 
by-products) from the surgical site via an aspiration stream. The instrument may still 
further include one or more aspiration electrodes adapted for digesting resected tissue 

1 0 fragments or other debris that may be drawn towards, or through, the aspiration element 

via the aspiration stream. 

For a further understanding of the nature and advantages of the invention, 
reference should be made to the following description taken in conjunction with the 
accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram schematically representing an instrument 
incorporating a rotating member housed within a shaft, according to the present invention; 

Fig. 2 is a block diagram schematically representing an electrosurgical 
5 system including an instrument having a rotating member coupled to a drive motor, 
according to one embodiment of the invention; 

Figs. 3 A-C are block diagrams, each schematically representing an 
electrosurgical instrument including a rotating member housed within a shaft, according 
to three different embodiments of the invention; 
10 Fig. 4 is a partial longitudinal sectional view of an instrument coupled to 

an electrosurgical generator and a drive motor, according to one embodiment of the 
invention; 

Fig. 5 A is a partial longitudinal sectional view of the working or distal end 
of an instrument, according to one embodiment of the invention; and Fig. 5B is a 
15 transverse sectional view taken along the lines 5B-5B of Fig. 5 A; 

Figs. 5C-5E are partial side views of the distal end of an instrument 
showing active and return electrodes separated by a constant distance (d); 

Fig. 5F is a partial side view of the distal end of an instrument having a 
port at the distal tip; 

20 Fig. 6 A is a perspective view of a distal end of an electrosurgical 

instrument having a rotating member housed within a shaft, and Fig. 6B is a perspective 
view of the distal end portion of the rotating member of Fig. 6 A shown in isolation from 
the shaft, according to another embodiment of the invention; 

Fig. 7A is a perspective view of the distal end of an electrosurgical 

25 instrument having a shaft and a rotating member within the shaft; and Fig. 7B is a 

perspective view of the distal end portion of the rotating member of Fig. 7A shown in 
isolation from the shaft, according to another embodiment of the invention; 

Fig. 8 A is a perspective view of the distal end of a rotating member of an 
electrosurgical instrument; and Fig. 8B is a transverse sectional view showing the distal 

30 . end of the rotating member of Fig. 8 A within a shaft of the instrument, according to 
another embodiment of the invention; 
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Figs. 9A-C each schematically represent the working end of an 
electrosurgical instrument showing various return electrode configurations, according to 
three different embodiments of the invention; 

Fig. 10 is a block diagram schematically representing an endoscopic 
5 electrosurgical system, according to another embodiment of the invention; and 

Fig. 1 1 schematically represents a surgical procedure performed using an 
instrument which incorporates a rotating member, according to another embodiment of 
the invention. 
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DESCRIPTION OF SPECIFIC EMBODIMENTS 



The present invention provides systems, apparatus, and methods for 
5 selectively applying electrical energy to a target tissue of a patient, and for the controlled 
removal of the target tissue via molecular dissociation of target tissue components. The 
invention is particularly suited to remove or sequentially remove a portion of the target 
tissue as a rotating member rotates within a shaft. The instrument includes a tissue 
removal port arranged at a distal end portion of the shaft, and at least one active electrode 

1 0 disposed at the working end of the instrument. The active electrode(s) are typically 

disposed either at a distal portion of the shaft adjacent to the tissue removal port, or on the 
rotating member. In the latter situation, the active electrode(s) are configured to traverse 
the tissue removal port as the rotating member rotates within the shaft. 

Systems, apparatus, and methods of the invention are applicable to a broad 

1 5 range of procedures, including: open procedures, intravascular procedures, urological 
procedures, laparoscope arthroscopy, cardiac procedures (including thoracoscopy), 
dermatologic, orthopedic, gynecological, otorhinolaryngological, spinal, and neurologic 
procedures, as well as in oncology, and the like. Tissues which may be treated by 
apparatus and methods of the present invention include, without limitation, connective 

20 tissue, including bone, articular cartilage, meniscal cartilage, ligaments, and tendons; 

prostate tissue; leiomyomas (fibroids) of the uterus; gingival tissues and mucosal tissues 
of the mouth; tumors; scar tissue; and myocardial tissue; as well as collagenous tissue of 
the eye, and the dermis and epidermis of the skin. 

The present invention is useful for arthroscopic procedures of the knee, 

25 shoulder, elbow, etc., including the ablation, re-shaping, or re-surfacing of articular 

cartilage, and the partial removal or modification of a damaged meniscal cartilage of the 
knee. The invention may also be applicable to various spinal procedures, such as 
laminectomy/discectomy procedures for treating herniated disks, posterior lumbosacral 
and cervical spine fusions, treatment of scoliosis associated with vertebral disease, and 

30 foraminotomies to relieve nerve root compression. 

The present invention is also useful for procedures in the head and neck, 
e.g., targeting the ear, mouth, pharynx, larynx, esophagus, nasal cavity and sinuses. These 
procedures may be performed through the mouth or nose using speculae or gags, or using 
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endoscopic techniques, such as functional endoscopic sinus surgery (FESS). The present 
invention may also be used for collagen shrinkage, ablation, and/or hemostasia e.g., 
during procedures for treating snoring and obstructive sleep apnea; for gross tissue 
removal, such as tonsillectomies, adenoidectomies, tracheal stenosis and vocal cord 
5 polyps and lesions; or for the resection or ablation of facial tumors or tumors within the 
mouth and pharynx, such as glossectomies, laryngectomies, acoustic neuroma procedures, 
and nasal ablation procedures. 

Apparatus and methods of the present invention may also be useful for 
cosmetic and plastic surgery procedures. For example, the present invention may be 

10 employed for skin tissue removal, e.g., for the removal of pigmentations, vascular lesions, 
scars, tattoos, etc., as well as for other surgical procedures on the skin, such as tissue 
rejuvenation, wrinkle removal, etc. 

In one embodiment of the present invention, radio frequency (RF) 
Electrical energy is applied to one or more active electrodes of an instrument, in the 

15 presence of an electrically conductive fluid, to remove and/or modify at least a portion of 
a target tissue or organ. Depending on the specific procedure, the present invention may 
be used to: (1) ablate tissue, including soft tissue, bone, and cartilage; (2) cut or resect 
tissue; (3) shrink or contract collagen containing tissue; and/or (4) coagulate, occlude, and 
sever blood vessels. 

20 In one aspect of the invention, a target tissue may be volumetrically 

removed or ablated by applying a high frequency voltage between one or more active 
electrode(s) and one or more return electrode(s) to develop high electric field intensities in 
the vicinity of the target tissue. The high electric field intensities adjacent the active 
electrode(s) result in electric field-induced ablation via molecular dissociation of target 

25 tissue components (as opposed to ablation via thermal evaporation or carbonization of 
tissue in many conventional electrosurgical procedures). In particular, applicant believes 
that the target tissue is volumetrically removed through molecular disintegration of larger 
organic molecules into smaller molecules and/or atoms, such as hydrogen, oxygen, oxides 
of carbon, hydrocarbons, and nitrogen compounds. This molecular disintegration 

30 completely removes the target tissue, as opposed to dehydrating the tissue by the removal 
of cellular fluids, the latter typical of many prior art electrosurgical desiccation and 
vaporization processes. An electrosurgical process for the volumetric removal of tissue 
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via molecular dissociation of tissue components at relatively low temperatures (cool 
ablation) has been termed Coblation®. 

In one aspect, the present invention involves applying a high frequency 
voltage between one or more active electrode(s) and one or more return electrode(s) to 
5 develop high electric field intensities in the vicinity of the target tissue to heat the target 
tissue in a highly controlled manner. In one embodiment, the high frequency voltage is 
sufficient to vaporize an electrically conductive fluid over at least a portion of the active 
electrode surface, in a region between the distal tip of the active electrode(s) and the target 
tissue, to form an ionized vapor, or plasma, layer. The electrically conductive fluid may 

10 be a gas or a liquid, such as isotonic saline, blood, extracellular or intracellular fluid, or a 
viscous fluid, such as a gel. Since the vapor layer, or vaporized region, has a relatively 
high electrical impedance, it minimizes current flow into the electrically conductive fluid. 

A more complete description of the plasma state can be found in 
Introduction to Plasma Physics, (1995), by R.J. Goldston and P.H. Rutherford (Published 

15 by IOP Pub), the complete disclosure of which is incorporated by reference herein. When 
the density of the vapor layer surrounding an energized active electrode (or within a 
bubble formed in the adjacent electrically conductive fluid) becomes sufficiently low (i.e., 
less than approximately 10 20 atoms/cm 3 for aqueous solutions), the electron mean free 
path increases to enable subsequently injected electrons to cause impact ionization within 

20 these regions of low density (i.e., vapor layers or bubbles). Once the charge particles in 
the plasma layer attain sufficient energy, they accelerate towards the adjacent target tissue. 
Energy evolved by energetic electrons of the plasma layer (e.g., on the order of 3.5 eV to 
5 eV) can subsequently bombard a molecular component of the target tissue and break its 
bonds, thereby dissociating the molecule into free radicals, which may then combine to 

25 form gaseous or liquid species (i.e., Coblation® by-products). 

Plasmas may be formed by heating a gas and ionizing the gas by driving an 
electric current through it, or by transmitting radio waves into the gas. Generally, these 
methods of plasma formation give energy to free electrons in the plasma directly, and then 
electron-atom collisions liberate more electrons, and the process cascades until the desired 

30 degree of ionization is achieved. Often, the electrons carry the electrical current or absorb 
the radio waves and, therefore, are hotter than the ions. Thus, in applicant's invention, the 
electrons, which are carried away from the tissue towards the return electrode, carry most 
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of the plasma's heat with them, allowing substantially non-thermal molecular breakdown 
of target tissue components. 

While not being bound by theory, applicant believes that the principal 
mechanism of tissue removal in the Coblation® mechanism of the present invention is 
5 energetic electrons or ions that have been energized in a plasma adjacent to the active 
electrode(s). Under the conditions described herein, energetic electrons and photons may 
be discharged from the vapor layer and to the surface of the target tissue, causing 
molecular dissociation of target tissue components. The Coblation® phenomenon is 
further described in commonly assigned US Patent No. 5,697,882, the disclosure of which 

10 is incorporated by reference herein in its entirety. 

The present invention is particularly useful for removing or ablating a 
target tissue while minimizing or avoiding damage to underlying tissue, e.g., bone or 
nerves, beneath the surface of the target tissue. In the present invention, the Coblation® 
process allows for the controlled, precise removal of tissue. This feature minimizes 

15 collateral damage to underlying non-target tissue. Damage to non-target tissue may be 
further minimized by monitoring a temperature condition of the target tissue or at the 
working end of the instrument adjacent to the target tissue. Apparatus and methods for 
temperature monitoring during electrosurgical procedures are described in US Provisional 
Patent Application Serial 60/445,405 (Atty. Ref. No. CB-16), the disclosure of which is 

20 incorporated by reference herein in its entirety. 

An electrosurgical instrument of the invention typically includes a shaft 
having a proximal end and a distal or working end portion. One or more active electrodes 
are disposed at the distal end of the instrument. A return electrode is typically spaced 
from the active electrode(s), e.g., by an electrically insulating material or electrode 

25 support. In some embodiments, a dedicated coagulation electrode may be disposed at the 
distal tip or apex of the instrument. 

For percutaneous procedures, e.g., for arthroscopic treatment of synovial 
joints, the shaft may have a suitable diameter and length to allow the surgeon to reach the 
target tissue by delivering the shaft through a percutaneous opening in the patient. Thus, 

30 the shaft may have a length in the range of, for example, from about 5 cm to 25 cm, and a 
diameter in the range of from about 0.5 mm to 5 mm. In some embodiments, the shaft 
may also be introduced through rigid or flexible endoscopes. 
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Typically, instruments of the invention are adapted for coupling to an 
electrosurgical generator or RF power supply, wherein the power supply is capable of 
operation in an ablation mode (for ablating tissue), or a sub-ablation mode (for 
coagulating or otherwise modifying the tissue). In some embodiments, electrosurgical 
5 instruments of the invention will include one or more electrode leads by which the 
electrode(s) are connected to a connection block. The connection block is adapted for 
coupling the electrode(s) to the generator or power supply. Typically, the connection 
block includes a plurality of pins for coupling to the power supply via a connector cable. 

In some embodiments, instruments of the invention may include a limited 

10 usage switch for rendering the instrument inoperable after a pre-set number of usage 
cycles. The connection block may include a voltage reduction element, e.g., a resistor, 
which may be coupled between two of the plurality of pins of the connection block. In 
one embodiment, the voltage reduction element is a component of the limited usage 
mechanism. A description of apparatus and methods for restricting the number of usage 

1 5 cycles of electrosurgical instruments may be found in commonly assigned co-pending US 
Patent Application Serial Nos. 60/375,979 and 10/139,154 (Atty. Ref. Nos. CB-13P and 
CB-13), filed April 24, 2002 and May 3, 2002, respectively, the disclosures of which are 
incorporated by reference herein in their entirety. See also, US Patent Application Serial 
No. 10/139,117 (CB-14). 

20 Instruments of the invention may use a single active electrode or an 

electrode array disposed at a working end of the instrument. In the latter embodiment, the 
electrode array may include a plurality of independently current-limited and/or power- 
controlled active electrodes to apply electrical energy selectively to the target tissue. 
Apparatus incorporating independently current-limited and/or power-controlled active 

25 electrodes is described in commonly assigned US Patent No. 6,3 12,408, the disclosure of 
which is incorporated by reference herein in its entirety. 

The voltage applied between the active and return electrodes will typically 
be in the radio frequency (RF) range, having a frequency of between about 5 kHz and 20 
MHz, usually being between about 30 kHz and 2.5 MHz, and often between about 100 

30 kHz and 200 kHz. The RMS (root mean square) voltage applied will usually be in the 
range from about 5 volts RMS to 1500 volts RMS, typically being in the range of from 
about 10 volts RMS to 900 volts RMS, and often in the range of from about 20 volts 
RMS to 500 volts RMS, depending on the active electrode size and geometry, the 
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operating frequency, the particular procedure or desired effect on the target tissue (e.g., 
ablation, contraction, coagulation), and the type (composition) of the tissue. Typically, 
the peak-to-peak voltage will be in the range of 10 to 2000 volts, usually in the range of 
20 to 1200 volts, and often in the range of about 40 to 800 volts (again, depending on the 
5 electrode size, the operating frequency, and the operation mode). Voltage parameters for 
various electrosurgical procedures are presented in commonly assigned US Patent No. 
6,235,020, the disclosure of which is incorporated by reference herein in its entirety. 

The voltage is typically delivered in a series of voltage pulses or 
alternating current of time varying voltage amplitude having a sufficiently high frequency 

10 (e.g., on the order of 5 kHz to 20 MHz) such that the voltage is effectively applied 

continuously (as compared with, e.g., certain lasers adapted for shallow depths of tissue 
necrosis, which are generally pulsed at about 10 Hz to 20 Hz). In addition, the duty cycle 
(i.e., cumulative time in any one-second interval that energy is applied) is on the order of 
about 50% for apparatus of the present invention, as compared with a duty cycle of about 

1 5 0.0001 % for many pulsed lasers. 

The application of a suitable high frequency voltage between the active 
and return electrodes effects cutting, removal, ablation, shaping, contracting, coagulating, 
or other form of modification of the target tissue. The tissue volume over which energy is 
dissipated may be precisely controlled, for example, by the use of a multiplicity of small 

20 active electrodes whose effective diameters or principal dimensions typically range from 
about 5 mm to 0.01 mm, and usually from about 2 mm to 0.05 mm. In these 
embodiments, electrode areas for both circular and non-circular electrode terminals will 
have a contact area (per active electrode) of 25 mm 2 or less, typically being in the range of 
from about 5 mm 2 to 0.005 mm 2 . In general, the use of relatively small diameter active 

25 electrodes increases the electric field intensity, and reduces the extent or depth of tissue 
heating as a consequence of the divergence of current flux lines which emanate from the 
exposed surface of each active electrode. 

A preferred power supply of the present invention delivers a high 
frequency current selectable to generate average power levels ranging from several 

30 milliwatts to tens of watts per electrode, depending on the volume of target tissue being 
treated, and/or the maximum allowed temperature selected for the probe tip. The power 
supply allows the user to select the voltage level according to the specific requirements of 
a particular procedure, e:g., arthroscopic surgery, other endoscopic surgery, FESS 
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procedure, dermatological procedure, or open surgery. A description of a power supply 
adapted for electrosurgery can be found in commonly assigned US Patent No. 6,142,992, 
the disclosure of which is incorporated by reference herein in its entirety. 

A current flow path between the active and return electrodes may be 
5 provided by delivering an electrically conductive fluid (e.g., an electrically conductive gel 
or saline) to the working end of the instrument. Such a fluid may be provided by an 
ancillary fluid delivery device, or by a fluid delivery element integral with the instrument. 
To provide a suitable current flow path between the active and return electrodes, an 
electrically conductive fluid delivered to the working end of the instrument should have a 

10 suitable electrical conductivity, typically at least 0.2 millisiemens per centimeter (mS/cm), 
usually greater than 2 mS/cm, and often greater than 10 mS/cm. In one embodiment, the 
electrically conductive fluid is isotonic saline, which has a conductivity of about 17 
mS/cm. In other embodiments, electrically conductive fluids having electrical 
conductivity values much higher than that of isotonic saline may also be used. A 

1 5 discussion of various electrically conductive fluids, having a range of electrical 

conductivity values, suitable for use in electrosurgery appears in commonly assigned US 
Patent No. 6,149,620, the disclosure of which is incorporated by reference herein in its 
entirety. Delivery of an electrically conductive fluid to provide a current flow path 
between the active and return electrodes is described in commonly assigned US Patent 

20 No. 5,697,28 1, the disclosure of which is also incorporated by reference herein in its 
entirety. 

In some procedures, it may also be necessary to retrieve or aspirate excess 
or unwanted materials, e.g., saline, ablation by-products, from the target site. For 
example, in arthroscopic procedures it may be desirable to aspirate resected fragments of 

25 connective tissue (e.g., articular cartilage) removed from within a synovial joint. In 

addition, it may be desirable to aspirate excess saline, blood, mucus, gaseous ablation by- 
products, etc., from the surgical site. Accordingly, systems of the invention may include 
an aspiration element or lumen, which may be integral with the instrument, for aspirating 
materials from the target site. 

30 Furthermore, in some embodiments the instrument may include one or 

more aspiration electrode(s) (or digestion electrode(s)) for ablating, or reducing the 
volume of, resected tissue fragments that are aspirated into the aspiration lumen. 
Instruments incorporating aspiration electrodes are described in commonly assigned US 



WO 2005/009213 PCT/US2004/022803 

18 

Patent Nos. 6,238,391 and 6,254,600, the disclosures of which are incorporated by 
reference herein in their entirety. 

Referring now to the drawings, Fig. 1 is a block diagram schematically 
representing an electrosurgical instrument 101 adapted for applying electrical energy to a 
5 target tissue of a patient, and for the controlled removal of the target tissue during a 

procedure performed on the patient. Instrument 101 includes a shaft 102 which houses a 
rotating member 108. Shaft 102 is typically an elongate tube having a longitudinal bore 
or void therein. Rotating member 108 is adapted to rotate within shaft 102. In one 
embodiment, rotating member 108 extends the entire length of shaft 102 and terminates in 

10 a proximal handle or handpiece (e.g., Fig. 4). Instrument 101 typically includes a tissue 
removal port at the distal end of shaft 102 (e.g., Fig. 4). 

Rotating member 108 may be coupled directly to a drive motor, e.g., a DC 
motor housed within the handle. Alternatively, rotating member 108 may be coupled to a 
remote drive motor via a flexible transmission line, as is well known in the art. Such a 

1 5 remote drive motor may either be integral with an electrosurgical generator, wherein the 
generator is adapted to supply a high frequency voltage to the electrodes of instrument 
• 101, as well as rotational force (torque) to rotating member 108 (e.g., Fig. 2). 
Alternatively, the remote drive motor may comprise a self-contained unit having a 
separate power supply (e.g., Fig. 4). In one embodiment, the drive motor may be powered 

20 by a battery pack. 

Typically, instrument 101 is a bipolar electrosurgical device, and includes 
an active electrode 1 14 and a return electrode 1 18 disposed at the working or distal end of 
instrument 101 (see, e.g., Figs. 5A-9C). Dashed lines in Fig. 1 indicate that active 
electrode 1 14 and return electrode 1 1 8 may be disposed on either shaft 102 or on rotating 

25 member 1 08. Thus, according to various embodiments of the invention, one or both of 
active electrode 1 14 and return electrode 118 may be disposed on rotating member 108. 
Similarly, one or both of active electrode 1 14 and return electrode 118 may be disposed 
on shaft 102. Electrode(s) mounted on rotating member 108 typically move in a 
substantially circular motion when rotating member 108 rotates within shaft 1 02. In 

30 contrast, electrode(s) mounted on shaft 102 are in fixed relation thereto when rotating 
member 1 08 rotates within shaft 1 02. 

Rotating member 108 may comprise an electrically insulating material 
(e.g.-, various plastics). Alternatively, member 108 may comprise an electrically 
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conductive material coated or encased within an electrically insulating material. In 
situations where at least one of active electrode 1 14 and return electrode 1 18 are disposed 
on rotating member 108, one or both of active electrode 1 14 and return electrode 1 1 8 may 
be defined by an exposed, non-insulated portion of rotating member 108. Alternatively, 
5 one or both of active electrode 1 14 and return electrode 1 1 8 may comprise a discrete 
electrode having an electrode lead for coupling to the generator. 

Similarly, shaft 102 may comprise an electrically insulating material; or 
shaft 102 may comprise an electrically conductive material encased within an electrically 
insulating layer. In situations where at least one of active electrode 1 14 and return 

10 electrode 1 18 are disposed on shaft 102, one or both of active electrode 1 14 and return 
electrode 1 1 8 may be defined by an exposed, non-insulated portion of shaft 102. Or, at 
least one of active electrode 1 14 and return electrode 1 18 may comprise a discrete 
electrode having an electrode lead for coupling to the generator. 

Fig. 2 illustrates an electrosurgical system 200, according to one 

1 5 embodiment of the invention. System 200 includes an instrument 201 such as an 

electrosurgical probe. Instrument 201 includes a shaft 202 having a rotating member 208 
rotatably housed therein. A handle 204 is typically affixed to a proximal end of shaft 202. 
Instrument 201 includes at least one active electrode and at least one return electrode (not 
shown in Fig. 2). System 200 further includes an electrosurgical generator 228. 

20 Typically, generator 228 comprises a RF power supply for supplying a RF alternating- 
current voltage to instrument 201. As shown, generator 228 includes an integral drive 
motor 210 coupled to rotating member 208. In alternative embodiments, the drive motor 
may be a self-contained unit separate from generator 228, or may be housed within handle 
204. 

25 Rotating member 208 is typically driven by drive motor 2 10 to rotate 

within shaft 202 at a speed in the range of from about 5 to 750 rpm, more typically from 
about 6 to 600 rpm, usually from about 20 to 90 rpm, and often about 60 rpm. The speed 
of rotation of rotating member 208 can be adjusted via a suitable control mechanism, for 
example, via a switch mounted on the handle of the instrument, via a control unit integral 

30 with the generator, or may be controlled remotely e.g., via a foot pedal. 

Figs. 3A-C are block diagrams, each schematically representing an 
electrosurgical instrument including a rotating member housed within a shaft, according 
to three different embodiments of the invention. In the embodiment of Fig. 3A, 
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instrument 301 includes an elongate outer shaft 302 and a rotating member 308 housed 
within a longitudinal void of shaft 302. Rotating member 308 is adapted to rotate within 
shaft 302. Instrument 301 further includes a tissue removal port 350 arranged on shaft 
302. Anactiveelectrode314andaretumelectrode318aredisposedonshaft302. In one 
embodiment, active electrode 314 and return electrode 318 are disposed adjacent to tissue 
removal port 350. As an example, tissue removal port 350 may be rectangular, 
serpentine, rounded, substantially circular, or oval in outline. Tissue removal port 350 has 
a width, w equal or less than the width of rotating member 308. The length of port 350 is 
typically in the range of from about 0.5-5 times w (i.e., from 0.5 w to 5 w), and usually 
from about 1-2 times w. A distal portion of rotating member 308 is configured to traverse 
tissue removal port 350 as rotating member 308 rotates within shaft 302. According to 
one aspect of the invention, the distal portion of rotating member 308 is adapted to guide 
target tissue towards at least one of active electrode 314 and return electrode 318 as the 
distal portion of rotating member 308 traverses port 350. 

Fig. 3B shows an instrument 301' incorporating a rotating member 308' 
configured to rotate within a shaft 302% according to another embodiment of the 
invention. An electrode support 3 16' is disposed on rotating member 308', and an active 
electrode 314' is disposed on electrode support 316'. In some embodiments, rotating 
member 308' comprises an electrically insulating material, active electrode 3 14' may be 
disposed directly on rotating member 308', and electrode support 316' may be omitted. 
Instrument 301 ' further includes a tissue removal port 350% and a return electrode 318' 
disposed on shaft 302' (e.g., Figs. 9A-C). In one embodiment, return electrode 318' lies 
adjacent to tissue removal port 350'. Instrument 301' is configured such that active 
electrode 314' traverses tissue removal port 350' during each revolution of rotating 
member 308'. Typically, tissue removal port 350' is disposed at a distal end portion of 



shaft.302'. 



Fig. 3C shows an instrument 301 " incorporating a rotating member 308", 
according to another embodiment of the invention. Rotating member 308" is configured 
to rotate within shaft 302". A tissue removal port 350" is arranged on shaft 302". In the 
embodiment of Fig. 3C, both active electrode 314" and return electrode 318" are 
disposed on rotating member 308". Accordingly, when member 308" rotates, both 
active electrode 314" and return electrode 318" undergo substantially circular motion. 
Typically, instrument 301 " is configured such that both active electrode 314" and return 



10 
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electrode 318" traverse tissue removal port 350" during each revolution of rotating 
member 308" (e.g., Fig. 8B). 

Fig. 4 schematically represents an electrosurgical system, according to one 
embodiment of the invention. The system of Fig. 4 includes an instrument or 
electrosurgical probe 401 which is shown in partial longitudinal sectional view. 
Instrument 401 includes a shaft 402 having a shaft distal end portion 402a, and a shaft 
proximal end portion 402b affixed to a handle 404. A rotating member 408 housed 
within shaft 402 includes a distal end 408a and a proximal end 408b. Rotating member 
proximal end 408b extends into handle 404. Rotating member 408 may have various 
cross-sectional shapes. In some embodiments, the rotating member is arcuate or C- 
shaped in cross-section (e.g., Fig. 5B). In other embodiments, the rotating member may 
be in the form of a cylinder (e.g., Fig. 7B). 

Typically, instrument 401 includes an active electrode and a return 
electrode (neither of which are shown in Fig. 4) disposed at the working or distal end of 
1 5 instrument 401 . The active electrode is typically disposed at a location such that tissue 
removal port 450 and the active electrode are substantially equidistant from the distal tip 
of shaft 402. Also, the port may be positioned at the distal tip such that portion of the 
distal tip is open (e.g., see Fig. 5F). Instrument 401 is coupled to an electrosurgical 
generator 428 and a drive motor 410. Generator 428 is adapted to supply a high 
20 frequency voltage between the active and return electrodes of instrument 401 . Instrument 
401 may be conveniently coupled to generator 428 via a connection block (not shown) 
housed within handle 404. 

As shown, rotating member distal end 408a terminates distal to tissue 
removal port 450. However, in some embodiments, the rotating member distal end may 
25 terminate proximal to the tissue removal port, wherein an active electrode, which extends 
distally from the rotating member, lies adjacent to the tissue removal port (e.g., Figs. 7A- 
B). 

As shown, instrument 401 further includes a coagulation electrode 490 
adapted for coagulating severed blood vessels to induce hemostasis at the surgical site. 
30 Although, Fig. 4 shows coagulation electrode 490 disposed at the distal tip of shaft 402, 
other configurations are also within the scope of the invention. In some embodiments, the 
instrument may lack a dedicated coagulation electrode, in which case at least one of the 
active electrode and the return electrode may serve to coagulate tissue. 
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Generator 428 is capable of operation in an ablation mode (for ablating 
tissue), or a sub-ablation mode (for coagulating or otherwise modifying the tissue). For 
the ablation of relatively hard connective tissue, the voltage supplied by generator 428 is 
typically in the range of from about 200 volts RMS to 1500 volts RMS. In the sub- 
5 ablation mode (e.g., for coagulation or hemostasis), the voltage applied by generator 428 
is typically in the range of from about 10 to 1000 volts RMS, usually from about 20 to 
500 volts RMS, and often from about 20 to 150 volts RMS. One or more foot pedal 
controls 426 coupled to generator 428 can be used to conveniently adjust the power level 
of generator 428, and to switch generator 428 between the ablation and sub-abjation 

1 0 modes. An electrosurgical apparatus having foot pedal controls is described fully in 
commonly assigned US Patent No. 6,264,650 (Atty. Ref. No. S-5), the disclosure of 
which is incorporated by reference herein in its entirety. 

Again with reference to Fig. 4, drive motor 410 is coupled to rotating 
member proximal end 408b via a flexible transmission line 412. A foot pedal 426' 

15 coupled to drive motor 410 may be used to control the speed of rotation of rotating ' 
member 408. In an alternative embodiment, the drive motor may be integral with the 
generator (e.g., Fig. 2), in which case the speed of the rotating member may be adjusted 
by a foot pedal coupled to the generator. 

Fig. 5 A is a partial longitudinal sectional view of the working end of an 

20 instrument 501 having a pair of electrodes 5 14, 5 1 8 fixedly mounted on a hollow shaft 
502, according to one embodiment of the invention. Fig. 5B is a sectional view taken 
along the lines 5B-5B of Fig. 5A. With reference to Figs. 5A-B, instrument 501 includes 
a rotating member 508 housed within shaft 502. A tissue removal port 550 is arranged 
laterally at shaft distal end portion 502a. First and second electrodes 514, 518 are 

25 disposed at the perimeter of tissue removal port 550. As shown, first and second 

electrodes 514, 518 appear as elongate shapes arranged on diametrically opposite sides of 
tissue removal port 550. However, other electrode shapes and configurations are also 
possible under the invention. 

Perhaps as best seen in Fig. 5B, rotating member 508 has an arcuate distal 
30 end 508a which includes a leading edge 509. When member 508 rotates counter- 
clockwise (as indicated by the circular arrow in Fig. 5B), leading edge 509 approaches 
first electrode 514 as leading edge 509 traverses tissue removal port 550. In some 
embodiments, leading edge 509 is adapted to guide target tissue towards first electrode 
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514. Leading edge 509, or a portion of member 508 in the vicinity of leading edge 509, 
may be adapted, e.g., by being shaped or having a textured surface, to provide friction 
between member 508 and the target tissue. In the embodiment of Figs. 5A-B, rotating 
member 508 typically comprises a non-conducting material, such as various polymers or 
plastics, e.g., a polycarbonate, a polyetherimide, polyetheretherketone (PEEK), other 
thermoplastic or thermosetting materials having suitable properties, e.g., torsional 
strength, flexibility, and electrical insulation properties. 

Again with reference to Figs. 5A-B, first and second electrodes 514, 518 
may be discrete electrodes, each having an electrode lead for coupling first and second 
electrodes 5 14, 5 1 8 to opposite poles of a high frequency power supply. Such a power 
supply is adapted for applying a high frequency voltage between first and second 
electrodes 514, 518. Target tissue is sequentially removed as leading edge 509 repeatedly 
approaches first electrode 514. Typically, such removal of tissue is effected by 
electrqsurgical molecular dissociation of target tissue components upon application of the 
high frequency voltage between first and second electrodes 5 14, 5 1 8. First electrode 514 
may be an active electrode, and second electrode 518 may be a return electrode. The 
relative location of the active and return electrodes may be reversed without departing 
from the scope of the invention. In addition, the direction of rotation of rotating member 
508 may be reversed (i.e., from counter-clockwise to clockwise). Also, "mirror image" 
versions of various instruments described herein may be prepared, e.g., with respect to the 
location of the active electrode relative to the direction of rotation of the rotating member. 
Such "mirror image" devices are also within the scope of the invention. 

As mentioned above, the shape of the port may vary widely. Figs. 5C-5E 
illustrate examples of the distal end of a shaft with various port shapes including 
respectively rectangular (or slotted), serpentine, and arcuate. Also, each of the ports 
shown in Figs. 5C-5E have constant spacing between the active electrode and the return 
electrode. However, it is also contemplated that the spacing between the active and return 
electrodes may vary. 

Fig. 5F illustrates yet another embodiment of the present invention 
illustrating a distal portion of a shaft 550 having a distal port 560. The distal portion has a 
jaw bone shape. An active electrode 562 is shown disposed along the perimeter or edge 
of the port. The active electrode may be a wire, ring, plate, screen, coating, etc. Also, 
there may be a plurality of active electrodes along or attached in some manner to the jaw 
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bone distal tip. A return electrode 564 is spaced apart from the active electrode. The 
return electrode 564 may be an annular ring or clip as well as an uncovered portion of an 
electrically conducting tube. A voltage difference is applied between the active and return 
electrode to ablate tissue that contacts or comes near the active electrode. An axially 
5 rotating member (not shown) may extend through a lumen of the shaft 550 to manipulate 
tissue against the active electrode thereby cutting or ablating tissue. Notably, this device 
may operate at low rpm speeds (e.g., rpm less than 90 and perhaps less than 20) as well as 
shave tissue along the distal wall 570. The electrode configuration and voltage control 
may be carried out as described above such that a plasma is formed that molecularly 

10 dissociates tissue components. However, the invention is not so limited. Energy may be 
delivered from such a device to coagulate, ablate, heat, or otherwise affect the tissue. 

Additionally, in a procedure, the device of the present invention may form 
an angle of approach with tissue to be removed up to 90 degrees. In other words, the 
instrument may be axially inserted straight into tissue. Additionally, the angle of 

1 5 approach may be less than 45 degrees and a painting motion may be carried out to remove 
target tissue. 

Fig. 6 A is a perspective view of a working or distal end of an 
electrosurgical instrument, according to another embodiment of the invention. Instrument 
601 includes an outer shaft 602 having a shaft distal end 602a. A longitudinal void within 

20 shaft 602 accommodates a rotating member 608 having a distal end 608a. As shown, 

rotating member 608 has an arcuate or C-shaped cross-sectional shape. Rotating member 
608 may have substantially the same cross-sectional shape as it extends proximally. 
Alternatively, rotating member 608 may adopt a circular cross-sectional shape as it 
extends proximally, either as an open cylinder or as a rod (closed cylinder). An aperture 

25 formed in shaft distal end 602a defines a tissue removal port 650. Tissue removal port 
650 is shown as having an oval shape, although other shapes are also within the scope of 
the invention. 

Instrument 601 further includes an active electrode 614 mounted on a first 
longitudinal edge 609a of rotating member 608 (Fig. 6B). Active electrode 614 is shown 
30 in Figs. 6A-B as having a rectangular shape. However, other active electrode geometries 
and configurations are also contemplated under the invention. Instrument 601 still further 
includes a return electrode disposed at the working end of instrument 601 . The return 
electrode is not shown in Fig. 6 A for the sake of clarity. As an example, the return 
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electrode may be a discrete electrode, e.g., a metal band affixed to shaft distal end 602a. 
Alternatively, shaft 602 may comprise an electrically conductive material encased within 
an electrically insulating layer, and the return electrode may be defined by an exposed, 
non-insulated portion of shaft distal end 602a. In other embodiments, the return electrode 
5 may be disposed on rotating member 608 (e.g., Figs. 3C, 8A-B). 

Fig. 6B is a perspective view of the distal end portion of rotating member 
608 of Fig. 6A shown in isolation from shaft 602, and showing longitudinal void 61 1 . 
Groove 61 1 accommodates an aspiration element adapted for removing excess or 
unwanted materials from the vicinity of tissue removal port 650. In the embodiment of 

10 Figs. 6A-B, the aspiration element includes a discrete aspiration lumen 634 disposed 

within the longitudinal groove of rotating member 608. As shown in Fig. 6A, a plurality 
of aspiration ports 632 are arranged within the distal portion of aspiration lumen 634, 
such that aspiration port 632 are in fluid communication with tissue removal port 650. 
Other configurations for an aspiration unit are also possible under the invention. 

15 Electrosurgical apparatus having an aspiration element is described in commonly assigned 
US Patent No. 6,238,391, the disclosure of which is incorporated by reference herein in 
its entirety. 

Again with reference to Figs. 6A-B, rotating member 608 includes first and 
.second longitudinal edges 609a, 609b, respectively. Active electrode 614 is mounted 

20 longitudinally on first longitudinal edge 609a. In one embodiment, rotating member 608 
rotates counter-clockwise within shaft 602, such that first longitudinal edge 609a serves as 
a leading edge as first edge 609a traverses tissue removal port 650. In an alternative 
embodiment, active electrode 614 may be mounted on second longitudinal edge 609b, and 
rotating member 608 may be adapted to rotate clockwise such that second edge 609b 

25 traverses port 650 from right to left as the instrument is viewed from its proximal end. 
Aspiration lumen 634 is omitted from Fig. 6B for the sake of clarity. 

With reference to Figs. 7A-B, Fig. 7A is a perspective view of the distal 
end of an instrument 701, including an elongate shaft 702 and a rotating member 708 
housed within shaft 702, according to another embodiment of the invention. Fig. 7B is a 

30 perspective view of the distal end portion of rotating member 708 of Fig. 7A shown in 
isolation from shaft 702. 

With- reference to Fig. 7 A, an aperture formed in shaft distal end portion 
702a defines a tissue removal port 750. Instrument 701 further includes an electrode 
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support 716 which extends distally from rotating member distal end 708a. Electrode 
support 716 typically comprises an electrically insulating material such as a ceramic, a 
glass, or. a silicone rubber. An active electrode 714 is affixed to the distal end of electrode 
support 716. Instrument 701 is configured such that active electrode 714 traverses port 
5 750 as rotating member 708 rotates within shaft 702. 

As shown in Figs. 7A-B, active electrode 714 comprises an arcuate 
conductive element which extends proximally from support 716 to rotating member 708. 
In particular, a first distal end of the arcuate conductive element is affixed to a distal end 
of electrode support 716, and a second end of the arcuate conductive element is affixed to 

10 rotating member 708, such that active electrode 714 spans a void between a distal portion 
of electrode support 716 and the distal end of rotating member 708. The arcuate 
conductive element may comprise a metal wire comprising a material such as stainless 
steel, molybdenum, platinum, tungsten, palladium, iridium, titanium, or their alloys, and 
the like. The arcuate conductive element (e.g., metal wire) may be circular or rectangular 

15 in cross-section, or may have various other cross-sectional shapes. Active electrode 
terminals having various cross-sectional shapes suitable for promoting high current 
density (high electric field intensity) are described in commonly assigned US Patent 
Application Serial No. 09/709,035 (Atty. Ref. No. A-14), the disclosure of which is 
incorporated by reference herein in its entirety. 

20 A* active electrode lead 715, coupled to active electrode 714, extends 

proximally for connection of active electrode 714 to an electrosurgical generator or power 
supply. Alternative active electrode configurations are also possible under the invention. 

Typically, instrument 701 includes a return electrode disposed at the 
working end of instrument 701. The return electrode is not shown in Figs. 7A-B for the 

25 sake of clarity. Various return electrode configurations are possible (see, e.g., Figs. 9A- 
C). 

As shown, rotating member 708 is in the form of an open cylinder. In one 
embodiment, the longitudinal void within member 708 defines an aspiration lumen 734 
extending distally to an aspiration port 732. Aspiration lumen 734 may be coupled 
3 0 proximally to a suitable vacuum source, as is well known in the art. Accordingly, 

resected tissue fragments, ablation by-products, and other unwanted materials may be 
removed from the surgical site via aspiration port 732 and aspiration lumen 734. 
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With reference to Figs. 8A-B, Fig. 8 A is a perspective view of the distal 
end of a rotating member 808 of an electrosurgical instrument 801, according to another 
embodiment of the invention. Fig. 8B is a transverse sectional view showing a distal end 
808a of rotating member 808 disposed within a shaft 802 of instrument 801. Instrument 
5 801 may have certain features analogous or similar to those of other embodiments of the 
invention as shown and described hereinabove. Thus, instrument 801 includes a tissue 
removal port 850 (Fig. 8B). Tissue removal port 850 may be in the form of a 
substantially circular or oval aperture arranged laterally on the distal end portion of shaft 
802 (see, e.g., Figs. 6A, 7A). Removal port may also be placed distally such that it forms 

10 part of the distal tip of the shaft 802. 

Again with reference to Figs. 8A-B, an active electrode 814 and a return 
electrode 818 are disposed on rotating member distal end 808a. Active electrode 814 and 
return electrode 818 are configured such that active electrode 814 and return electrode 
818 sequentially traverse tissue removal port 850 as rotating member 808 rotates within 

15 shaft 802. During use of instrument 801, port 850 is positioned in at least close proximity 
to a target tissue. Upon application of a suitable high frequency voltage between active 
electrode 814 and return electrode 818, at least a portion of the target tissue is removed as 
rotating member 808 rotates within shaft 802. Typically, such tissue removal is effected 
via plasma induced molecular dissociation of target tissue components (e.g., Coblation®, 

20 described supra). Suitable voltage parameters for the ablation of tissue according to the 
invention are presented hereinabove. Active electrode 814 and return electrode 8 1 8 are 
represented in Fig. 8A as elongate strips. However, it is to be understood that other 
electrode geometries and configurations are also within the scope of the invention. 

Figs. 9A-C each schematically represent the working end of an 

25 electrosurgical instrument showing various return electrode configurations, according to 
three different embodiments of the invention. In each of Figs. 9A-C, there is shown a 
shaft including a shaft distal end portion 902a having a tissue removal port 950 therein. 
An active electrode 914 is schematically represented in Fig. 9A as an elongate strip. 

In the embodiment of Fig. 9A, an elongate return electrode 918 is disposed 

30 at shaft distal end portion 902a adjacent to tissue removal port 950. In the embodiment of 
Fig. 9B, a return electrode 918' surrounds tissue removal port 950 as an annulus of 
conductive material. Each of shafts 902 (Fig. 9A) and 902' (Fig. 9B) may comprise an 
electrically conductive material encased within an electrically insulating layer, and each of 
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return electrodes 918 (Fig, 9A) and 918' (Fig. 9B) may comprise an exposed, non- 
insulated portion of shafts 902, 902\ respectively. Alternatively, return electrodes 918 
and 918' may be discrete electrodes having leads attached thereto for coupling to an 
electrosurgical generator. In the latter situation (discrete electrodes), return electrodes 918 
and 918' may comprise a material such as stainless steel, molybdenum, platinum, 
tungsten, palladium, iridium, titanium, or their alloys, and the like. 

In the embodiment of Fig. 9C, a return electrode 918" surrounds tissue 
removal port 950. Shaft 902" may comprise an electrically conductive material, such as 
stainless steel, having a proximal portion encased within a layer of electrically insulating 
material. An exposed, non-insulated, distal portion of shaft 902" defines return electrode 
918". Other return electrode configurations are also within the scope of the invention. 

In one embodiment, instruments of the invention are adapted for 
performing endoscopic procedures. For example, instruments of the invention may be 
adapted for performing arthroscopic procedures, e.g., on the ankle, knee, hip, wrist, 
elbow, or shoulder. Fig. 10 is a block diagram schematically representing an endoscopic 
electrosurgical system 1000. Systern 1000 typically includes an endoscope 1 080; an 
instrument 1001 , which may be adapted for use in conjunction with endoscope 1080; a 
power supply 1028 for supplying a high frequency voltage to instrument 1001; as well as 
a camera 1082 and a monitor 1084 adapted for viewing a working end of instrument 1001 
and the surgical site. 

Instrument 1001 typically comprises a bipolar electrosurgical probe having 
active and return electrodes (not shown in Fig. 10) disposed at the working end of 
instrument 1001. Instrument 1001 includes an outer shaft 1002, and a rotating member 
1008 housed within shaft 1002. A tissue removal port (e.g., Figs. 4-9C) is typically 
arranged laterally at a distal end portion of shaft 1002. The active and return electrodes 
may be disposed on shaft 1002, or on rotating member 1008, as described hereinabove for 
various embodiments of the invention (e.g., with reference to Figs. 5A-B, 7A-B). System 
1000 further includes a drive motor 1010 for driving the rotation of rotating member 1008 
within shaft 1002. Drive motor 1010 is shown in Fig. 10 as a separate unit coupled to 
instrument 1001, although in alternative embodiments the drive motor may be integral 
with either the probe or the power supply, as described hereinabove. 

Instrument 1001 is adapted for the controlled removal of target tissue from 
a surgical site during various endoscopic procedures. Typically, tissue removal is effected 
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by the molecular dissociation of target tissue components during application of a high 
frequency voltage between the active and return electrodes. Instrument 1001 may also be 
adapted for coagulating severed blood vessels. In this regard, instrument may further 
include a dedicated coagulation electrode (e.g., Fig. 4) for effecting hemostasis during a 
5 procedure. Alternatively, one or both of the active and return electrodes may be adapted 
for coagulation and hemostasis. 

As a further example of the utility of the invention, the reader's attention is 
now drawn to Fig. 11, which schematically represents an arthroscopic procedure using an 
electrosurgical system 1 100, according to one embodiment of the invention. Of course, it 

10 is to be understood that the invention is by no means limited to arthroscopic procedures. 
System 1 100 includes an instrument 1 101 coupled to an electrosurgical generator or 
power supply 1 128 via a connector cable 1 160. Instrument 1 101 includes a shaft 1 102 
having a shaft distal end portion 1 102a, and a tissue removal port 1 1 50 at shaft distal end 
portion 1 102a. Instrument 1 101 further includes a rotating member 1 108 configured to 

1 5 rotate within shaft 1 1 02. Instrument 1101 further includes an aspiration element 1130 
extending longitudinally within instrument 1101 from shaft distal end portion 1 102a to a 
proximal handle 1 104. 

Instrument 1101 still further may include an active electrode and a return 
electrode (neither of which are shown in Fig. 1 1). As described hereinabove, according to 

20 one embodiment of the invention, the active electrode may be disposed on shaft 1 102 and 
rotating member 1 108 may be adapted to guide target tissue towards the active electrode 
as a portion of rotating member 1 108 traverses tissue removal port 1 1 50. Tissue entering 
the port's threshold will be separated from tissue outside the port's threshold. In an 
alternative embodiment, the active electrode may be disposed on rotating member 1 108 

25 such that the active electrode traverses tissue removal port 1 1 50 as rotating member 1108 
rotates within shaft 1 102. Regardless of the electrode configuration, instrument 1 101 is 
adapted for the controlled removal of target tissue, via molecular dissociation of target 
tissue components upon application of a high frequency voltage between the active and 
return electrodes, during rotation of rotating member 1108. Instruments of the invention 

30 are suited, inter alia, to the removal, or shaping, of relatively hard connective tissue, such 
as articular cartilage, meniscal cartilage, tendons, or ligaments of a synovial joint 

For illustrative purposes, Fig. 11 shows a femoral condyle, FC having a 
roughened or fibrous region of articular cartilage, AC, wherein the roughened or fibrous 
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region of articular cartilage represents a target tissue to be removed, shaped, or sculpted to 
provide a smooth region of articular cartilage. According to a method of the invention, 
the distal end of shaft 1 102 is positioned such that tissue removal port 1 150 is in at least 
close proximity to the target tissue. In some embodiments, instrument 1 101 is positioned 
5 such that tissue removal port 1 150 contacts the target tissue. Also, tissue may be 

positioned within the port wherein tissue entering the port is separated from tissue outside 
the threshold. 

While the instrument is suitably positioned with respect to the target tissue, 
rotating member 1 108 is driven to rotate at a suitable speed within shaft 1 102 by a drive 

10 motor (not shown in Fig. 1 1), as described hereinabove. While rotating member 1 108 is 
being rotatively driven within shaft 1 102, a higlj frequency voltage is applied between the 
active and return electrodes via power supply 1 128. In this way, the target tissue is 
sequentially removed as the rotating member distal end traverses the tissue removal port. 
While the voltage is being applied between the electrodes and the rotating member is 

1 5 being rotatively driven, the tissue removal port may be translated with respect to the target 
tissue, e.g., to shape the tissue at the surgical site. 

The removal of tissue using instrument 1 101, via molecular dissociation of 
tissue components, typically results in resected tissue fragments as well as gaseous 
ablation by-products. Such tissue fragments and by-products, together with other excess 

20 or unwanted materials, may be removed from the surgical site via aspiration element 1 130 
in an aspiration stream (indicated by solid arrows in Fig. 1 1). 

Power supply 1 128 is typically switchable between the ablation mode (for 
tissue removal), and the sub-ablation mode (for coagulating blood vessels and inducing 
hemostasis). In this regard, instrument 1101 is further adapted for coagulation, and in 

25 some embodiments may have a dedicated coagulation electrode (e.g., Fig. 4). Power 

supply 1 128 may be conveniently controlled, for example, switched between the ablation 
and sub-ablation modes, e.g. via one or more foot pedals. Accordingly, tissue removal 
(ablation) and coagulation of bleeding blood vessels (hemostasis) can be readily achieved 
using a single instrument. ^ 

30 As mentioned above, the active electrode may be positioned on the rotating 

member or on the outer tubular member. The active electrode is thus a certain distance 
(radial separation) from the central axis of the rotating member. In the present invention, 
this radial distance may be varied (e.g., reduced). Indeed, an active electrode may be 
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disposed on a small-radii rotating member. Additionally, the active electrode may have a 
cone or other shape that varies (e.g., decreases) in radius with axial length. Still other 
variations of the present invention may be built in accordance with the disclosure 
hereinabove. 

While the exemplary embodiments of the present invention have been 
described in detail, by way of example and for clarity of understanding, a variety of 
changes, adaptations, and modifications will be apparent to those of skill in the art. In 
addition, it is to be understood that certain elements or features of various disclosed 
embodiments may be substituted for corresponding or analogous elements or features of 
other disclosed embodiments, or may be combined with elements and features of other 
disclosed embodiments, without departing from the scope of the instant invention. 
Therefore, the scope of the present invention is limited solely by the appended claims. 



